Photoelectric, photographic, and CCD U BV photometry, spectroscopic observations, and star counts are presented for the open cluster Berkeley 58 to examine a possible association with the 4 d .37 Cepheid CG Cas. The cluster is difficult to separate from the early-type stars belonging to the Perseus spiral arm, in which it is located, but has reasonably well-defined parameters: an evolutionary age of ∼ 10 8 years, a mean reddening of E B−V (B0) = 0.70±0.03 s.e., and a distance of 3.03±0.17 kpc (V 0 −M V = 12.40 ± 0.12 s.d.). CG Cas is a likely cluster coronal member on the basis of radial velocity, and its period increase of +0.170 ± 0.014 s yr −1 and large light amplitude describe a Cepheid in the third crossing of the instability strip lying slightly blueward of strip centre. Its inferred reddening and luminosity are E B−V = 0.64 ± 0.02 s.e. and M V = −3.06 ± 0.12. A possible K supergiant may also be a cluster member.
INTRODUCTION
After the rediscovery in the early 1950s of spatial coincidences between Cepheids and open clusters by Irwin (1955 Irwin ( , 1958 , Eggen (see Sandage 1958) , and Kholopov (1956) , a number of searches for additional coincidences were made by Kraft (1957) , van den Bergh (1957), and Tifft (1959) , among others. Tifft's search resulted in the discovery of a near spatial coincidence between the 4 d .37 Cepheid CG Cassiopeiae and an anonymous open cluster, subsequently catalogued as Berkeley 58 (Setteducati & Weaver 1962) , which lies less than one cluster diameter to the west. The field is coincident ⋆ Email: turner@ap.smu.ca with a portion of the Perseus spiral arm that is relatively rich in open clusters, and the cluster NGC 7790 with its three Cepheid members lies in close proximity. The possibility that CG Cas might be an outlying member of NGC 7790 was raised at one time by Efremov (1964a,b) , and found some support in a star count analysis by Kovalenko (1968) . More detailed star counts in the field (Turner 1985) indicate otherwise, as do the available proper motion data (Frolov 1974 (Frolov , 1977 . The Cepheid does lie in the corona of Berkeley 58 (Turner 1985) , although Frolov has argued that it is not a probable cluster member.
Given a probable distance of 3 kpc to both CG Cas and Berkeley 58 (e.g., Frolov 1979; Phelps & Janes 1994), it is not clear that existing proper motion data are precise enough to provide conclusive evidence pertaining to the cluster membership of CG Cas. The present study was therefore initiated in order to examine the case in more detail. As demonstrated here, there is strong evidence that CG Cas is a likely member of Berkeley 58 and that it can serve as a calibrator for the Cepheid period-luminosity (PL) relation.
OBSERVATIONAL DATA
A variety of observations were obtained for the present investigation. Table 1 presents photoelectric UBV photometry for bright members of Berkeley 58, obtained during observing runs at Kitt Peak National Observatory in 1981 September, 1982 August, and 1984 August. The data, acquired using 1P21 photomultipliers and standard UBV filter sets used in conjunction with pulse-counting photometers on the No. 4-0.4-m, No. 2-0.9-m, and 1.3-m telescopes at Kitt Peak, have associated uncertainties typical of our previous investigations of Cepheid clusters Turner 1992; Turner et al. 1994) , namely standard internal errors for a single observation of ±0.01 in V and B-V, and ±0.02 in U-B, for stars brighter than V = 13. The estimated external errors for all but the faintest stars are similar in magnitude. The stars are identified by their numbering in Fig. 1 , as well as by their 2000 co-ordinates in the 2MASS survey (Cutri et al. 2003) ; the number of individual observations for each star is given in column 7 of Table 1 .
Star 6 is the eclipsing system V654 Cas, for which Berdnikov (1993) cites photoelectric values of V and B-V outside of eclipse that are close to the values given here. Star 30 is a close optical double with components of nearly identical brightness. The photoelectric values apply to the combined light from both stars, whereas CCD observations provide uncontaminated data for the southwestern star of the pair, as established by its CCD magnitude being 0.75 mag. fainter. By contrast, the CCD V magnitude for star 35 is 0.21 mag. brighter, which suggests possible variability in the object. Individual photoelectric observations for CG Cas are presented in Table 2 .
Photographic UBV photometry was also obtained for stars in the nuclear and coronal regions of Berkeley 58 from photographic plates of the cluster field obtained in 1984 September using the 1.2-m Elginfield telescope of the University of Western Ontario. The star images were measured using the iris diaphragm photometer at Saint Mary's University, and were reduced to the UBV system and calibrated with reference to the photoelectric standards identified in Table 1 using the techniques discussed by Turner & Welch (1989) . The resulting data are presented in Table 3 (Appendix) in similar format to the data of Table 1 , and the stars are identified by their 2000 co-ordinates. The photographic values for cluster stars in common with the CCD survey (Phelps & Janes 1994 ) agree very closely with the CCD values, when the latter are adjusted to the present system. However, earlier photographic UBV photometry of cluster stars by Frolov (1979) displays systematic differences relative to the present data. Since the present survey samples a much larger number of cluster stars, no attempt was made to combine Frolov's data with the present photometry.
CCD UBV photometry for stars in the nuclear region of Berkeley 58 was published previously by Phelps & Janes (1994) , but for this study was recalibrated using the Table 1 Figure 1. A finder chart for the field of Berkeley 58 from the red image of the Palomar Observatory Sky Survey. The field of view measures 20 ′ × 20 ′ and is centred at 2000 co-ordinates: RA = 00 h 00 m 12 s .9, DEC = +60 • 56 ′ 07 ′′ . The top image depicts the location of CG Cas relative to the cluster core, the lower image identifies photoelectrically observed stars. [The National Geographic Society-Palomar Observatory Sky Atlas (POSS-I) was made by the California Institute of Technology with grants from the National Geographic Society.] stars as standards. The revised photometry for cluster stars is presented in Table 4 (Appendix), where the star numbers correspond to the scheme adopted by Phelps & Janes (1994) , incremented by 1000. The stars are also identified by their 2000 co-ordinates. Since the U band measurements have a much brighter limit than the B and V measures, the CCD photometry is less useful for studying the reddening in the field. But it is valuable for identifying the faint portion of the cluster main sequence.
Spectroscopic imaging of bright stars in Berkeley 58 was made in 1984 July and 1985 September using the Cassegrain spectrograph on the 1.8-m Plaskett telescope of the Dominion Astrophysical Observatory. The observations, at a dispersion of 15Å mm −1 and centred in the blue spectral region, were recorded photographically and later scanned for radial velocity measurement with the PDS microdensitometer at the David Dunlap Observatory of the University of Toronto (see Turner & Drilling 1984) . It was also possible to estimate spectral types for the stars from the photographic spectra, with results presented in Table 1 . (Berdnikov 1993) .
The field of the Cepheid CG Cas was also examined on archival images in the collections of Harvard College Observatory and Sternberg Astronomical Institute in order to obtain brightness estimates for the star and to construct seasonal light curves for comparison with a standard light curve constructed from photoelectric observations (Berdnikov 2007) . The resulting data were used to estimate times of light maximum for the Cepheid and to track its O-C changes, the differences between observed (O) and computed (C) times of light maximum. Rate of period change, in conjunction with light amplitude, is an excellent diagnostic of the location of individual Cepheids in the instability strip (Turner et al. 2006a) , such information providing an excellent parameter for comparison with what can be gleaned from information on the age of the surrounding stars provided by the cluster H-R diagram.
STAR COUNTS
The first step in studying Berkeley 58 involved star counts made using a photographic enlargement from a glass copy of the POSS-E plate for the field. Strip counts in several different orientations delineated the cluster centre, followed by ring counts illustrated in Fig. 2 ; the centre of symmetry is located at RA = 00 h 00 m 12 s .9, DEC = +60
• 56 ′ 07 ′′ (2000). The upper portion of Fig. 2 illustrates ring counts for stars detected on the 2MASS survey (Cutri et al. 2003) to the survey limit , whereas the lower portion shows star counts from the Palomar Observatory Sky Survey (POSS) E-plate to two different magnitude limits.
The counts from the 2MASS survey were made without regard for overlap with the star cluster NGC 7790, which lies 23
′ to the northwest of Berkeley 58, whereas the counts from the POSS-E plate were restricted beyond 11
′ from the cluster centre to sectors that avoided overlap with the outlying regions of NGC 7790. The effect of contamination from Figure 2 . Star densities for the field of Berkeley 58, as measured in rings relative to the adopted cluster centre. The upper diagram contains ring counts made from the 2MASS survey, the lower two diagrams ring counts from the POSS E-plate of the field for a faint limit (middle) and a brighter limit (lower). The location of CG Cas relative to the cluster centre is indicated by an arrow.
the coronal region of NGC 7790 is detectable in the 2MASS star counts beyond roughly 12 ′ from the cluster centre, but because of restrictions imposed by the location of Berkeley 58 on the POSS, we were unable to establish uncontaminated star counts from the POSS-E plate beyond about 15 ′ from the cluster centre. Nevertheless, the two sets of counts appear to yield similar parameters for the inner regions of the cluster. Berkeley 58 is estimated to have a nuclear radius of rn ≃ 4 ′ .5 (4.0 pc) in the notation of Kholopov (1969) , whereas the coronal (or tidal) radius is estimated to be Rc ≃ 11 ′ (9.7 pc) from the trends in the 2MASS star densities as well as the apparent flattening of the POSS-E star densities in the outermost rings. Star counts predict a total of 197±27 members brighter than the limit of the 2MASS survey lying within 5 ′ of the cluster centre, 487±82 members within 11 ′ of the cluster centre, field stars within the same regions being 715 and 4835, respectively. Field stars clearly outnumber cluster members in both regions. CG Cas is located 5 ′ .8 from the centre of Berkeley 58, in the cluster coronal region just beyond its nuclear boundaries. Although not projected on the core of Berkeley 58, CG Cas is spatially coincident with the cluster, which occupies most of the field of Fig. 1 . Fig. 3 is a UBV colour-colour diagram for the field of Berkeley 58 surveyed in this study, as constructed from the data of Tables 1, 3 , and 4. The phase-averaged data for CG Cas are from Berdnikov (2007) . A reddened sequence of B and A-type cluster members can be detected in the data, but a cluster reddening of EB−V ≃ 0.7 places them in a section of the colour-colour diagram where they can be confused photometrically with unreddened, foreground, G-type stars. For that reason it becomes essential to make the process of photometric identification of likely spectral classes for individual stars as reliable as possible, through the use of a well-established interstellar extinction relation. The spectral types obtained for six of the B-type, photoelectricallyobserved, cluster stars imply a reddening law for Berkeley 58 described by EU−B/EB−V = 0.75, along with a small curvature term (Turner 1989 ), identical to the reddening slope found previously for star clusters spatially adjacent to Berkeley 58 (Turner 1976b ). Berkeley 58 stars were therefore dereddened with such a relationship, except for late-type stars where a steeper relationship was adopted, dependent upon the likely intrinsic colours of the stars.
BERKELEY 58
The Fig. 3 data indicate an absence of any unreddened O, B, or A-type stars in the observed sample. That feature is confirmed by available 2MASS data for the observed stars (Cutri et al. 2003) , which are depicted in the JHK colourcolour diagram of Fig. 4 . An intrinsic relation for mainsequence stars in the 2MASS system was constructed from 2MASS observations of unreddened standard stars and stars in open clusters of uniform reddening (e.g., Turner 1996b), adjusted with a reddening slope EH−K /EJ−H = 0.55, as derived from reddened stars of known spectral type. The number of cluster stars with U-band observations is a small fraction of the total sample, so Fig. 4 contains many more stars than Fig. 3 . The selection of 2MASS data was also not restricted according to the magnitude of cited uncertainties in the data, so several points in Fig. 4 display unusually large scatter. It seems clear, however, that the sample of cluster stars surveyed consists mainly of stars reddened by EJ−H 0.1, which corresponds to EB−V 0.36. The correleation of reddening with distance towards Berkeley 58 was established from the available UBV photometry by dereddening the colours for individual stars in conjunction with a copy of the POSS field on which derived colour excesses EB−V were recorded as they were obtained, with multiple solutions resolved by reference to the reddenings for spatially adjacent stars as well as by the reddenings derived for the stars from their 2MASS colours (Fig.  4) . In most cases the smaller JHK reddening of stars relative to those obtained from UBV colours was sufficient to resolve questions about likely intrinsic colours for the stars, but there were a number of ambiguous cases where the data from the two surveys yielded disparate solutions, e.g. 2MASS colours implying an early spectral type and UBV colours implying a late spectral type. Such cases were unimportant in the final analysis, but are curious nevertheless.
Distance moduli were calculated for individual stars by adoption of zero-age main sequence (ZAMS) values of MV (Turner 1976a (Turner , 1979 , so the values systematically underestimate V-MV for unresolved binaries and evolved stars. The But the picture is not that simple. When the derived reddenings are compared star-for-star in the field of Berkeley 58, there are no obvious trends with spatial location, and trends with distance are difficult to establish without highly accurate luminosities for the observed stars. It can be surmised that there is additional reddening occurring on the near side of the Perseus spiral arm, given the nature of the scatter in the colour excesses. Likely members of Berkeley 58 generally have reddenings of EB−V ≃ 0.70, with larger values possibly arising from circumstellar extinction, particularly for late B-type stars where rapid rotation is common (e.g., Turner 1993 Turner , 1996a ). An identical feature is observed in the adjacent cluster NGC 7790 (Takala 1988). A lower envelope trend for the reddened stars in Fig. 5 implies a ratio of total-to-selective extinction for the field of R = AV /EB−V = 2.95 ± 0.30 from least squares and non-parametric analyses. The value is consistent with previous studies of clusters in this region of the Galaxy (Turner 1976b) , as well as with a value of R ≃ 2.95 expected for local extinction described by a reddening slope of 0.75 (Turner 1996a) . For subsequent calculations a value of R = 2.95 was adopted, the exact choice affecting estimates of distance but not the derived luminosity for CG Cas as a cluster member.
An observational colour-magnitude diagram for the sampled atars is presented in Fig. 6 , with a ZAMS plotted for V-MV = 14.29, the apparent distance modulus at EB−V = 0.70 for points on the lower relation of Fig. 5 . Such parameters provide a reasonable fit to the data, but there remain anomalies requiring further examination. For example, Fig. 6 contains reddened B-type stars more luminous than the turnoff magnitude for a cluster containing CG Cas, a point also indicated in Fig. 3 , where dashed relations indicate reddening lines for B6.5 V and A2 V stars, the former corresponding to the expected turnoff color [(B −V )0 = −0.13] for stars associated with a 4 d .37 Cepheid (Turner 1996c) . Clearly the field contains a number of stars younger than the expected evolutionary age of CG Cas.
Such complications may be endemic to the field of both Berkeley 58 and NGC 7790, where the line of sight crosses the interarm region between the Sun and portions of the local spiral feature, then intercepts the Perseus spiral arm with a marked increase in space density for young B-type stars and young-to-intermediate age star clusters. The separation of spiral arm stars from cluster members is difficult but achievable, since the radial velocities for CG Cas and Berkeley 58 stars listed in Table 5 imply a conspicuous velocity difference between the cluster and spiral arm stars. The anomalously young B stars noted above are objects like stars 6 (V654 Cas), 7, and possibly 24, which have systematically more positive velocities than likely cluster members: stars 11, 18, and 23, which have radial velocities close to the systemic velocity of CG Cas (see Fig. 7 , which includes radial velocity measurements from Joy 1937; Metzger et al. 1991; Gorynya et al. 1998 ). Except for star 11, which may be anomalous, stars with radial velocities close to that of CG Cas also have spectral types near the expected B6.5 V turnoff. Unfortunately it is not possible to identify fainter cluster members by the same technique, given the bright limit for the present radial velocity survey. Follow-up observations would be useful in that regard.
The complications arising from contamination of the cluster field by young stars in the Perseus arm and likely circumstellar reddening for late B-type members were addressed by identifying unaffected cluster stars from their reddenings, which are close to EB−V (B0) = 0.70. The field of the CCD survey near the cluster centre was found to exhibit a mean reddening of EB−V (B0) = 0.697 ± 0.025, that for the region of CG Cas a mean reddening of EB−V (B0) = 0.685 ± 0.022. Stars with full UBV data were identified as likely cluster members on the basis of reddenings comparable to or larger than those values, while stars near the cluster centre lacking U-band data were assumed to have B0 star colour excesses as above, but intrinsic colours adjusted for the spectral type dependence of reddening (see Fernie 1963) . A-type dwarfs can suffer complications arising from the effects of rotation on their stellar continua and UBV colours (Turner et al. 2006b ), so the adoption of space reddenings for such stars may circumvent potential biases introduced by dereddening their colours to the intrinsic relation for zero-age zero-rotation main sequence stars. The resulting reddening-corrected colour-magnitude diagram for the cluster is plotted in Fig. 8 for 145 likely members, along with CG Cas and its light variations and star 5, which is considered to be a potential K giant member. The reddening for CG Cas corrected for its colour is EB−V = 0.64±0.02. A photometric reddening could be obtained from the BVIc observations of Henden (1996) (see Laney & Caldwell 2007) , but a field reddening was adopted as a precaution against potential bias towards large-amplitude Cepheids lying near the centre of the instability strip (unnecessary in the present case, as it turns out). The distance to Berkeley 58 is established by 40 of its A-type ZAMS members, which yield a value of V0 − MV = 12.40±0.12 s.d., corresponding to a distance of 3026±166 pc. Except for star 11, which is conceivably a rapid rotator observed nearly pole-on, the bluest cluster stars correspond to spectral type B6 with (B-V)0 = −0.16. A comparison with stellary evolutionary models (Meynet et al. 1993 ) implies a cluster age of 10 ± 1 × 10 7 years (log τ = 8.0 ± 0.05). The corresponding mass of cluster stars falling at the tip of the main-sequence red turnoff (RTO) is 5.4M ⊙ (Meynet et al.  1993) .
CG CASSIOPEIAE
The systemic radial velocity of CG Cas (Table 5 ) is a close match to the mean velocity of Berkeley 58 derived from likely cluster members 11, 18, and 23, and the evolutionary age of the cluster closely matches what is predicted for the pulsation period of the Cepheid (Turner 1996c) . The luminosity of CG Cas as a likely member of Berkeley 58 is MV = −3.06 ± 0.12, which matches a value of MV = −3.04 predicted with a Cepheid period-radius relation and the inferred effective temperature of CG Cas (log T eff = 3.775) from its derived intrinsic colour (Turner & Burke 2002) . The case for membership of CG Cas in Berkeley 58 is very strong.
The exact evolutionary status of CG Cas can be established from the direction and rate of its period changes (Turner et al. 2006a) , in conjunction with its large blue light amplitude of ∆B = 1.22 (Berdnikov 2007) . The period changes for CG Cas were established here from examination of archival photographic plates in the Harvard and Sternberg collections, as well as from an analysis of new and existing photometry for the star. A working ephemeris for CG Cas based upon the available data was:
where E is the number of elapsed cycles. An extensive analysis of all available observations produced the data summarized in Table 6 , which lists the results for different epochs, the type of data analyzed (PG = photographic, VIS = visual telescopic observations, B = photoelectric B, and V = photoelectric V), the number of observations used to establish the times of light maximum, and the source of the observations, in addition to the temporal parameters. The data are plotted in Fig. 9 .
A regression analysis of the O-C data of Table 6 produced a parabolic solution for the ephemeris defined by: JDmax = 2432436.9493(±0.0080) +4.3656289(±0.0000024) E + 1.1757(±0.0983) × 10 −7 E 2 , which is plotted in Fig. 8 . The parabolic trend corresponds to a period increase of +0.170 ± 0.014 s yr −1 (logṖ = −0.770 ± 0.036), a value typical of Cepheids lying slightly blueward of the centre of the instability strip and in the third crossing. The location of CG Cas in Fig. 8 relative to the observational boundaries of the Cepheid instability strip (Turner et al. 2006b ) is consistent with that conclusion, although the stellar evolutionary models seem to require adjustments (metallicity, mixing of surface layers?) to match the observations.
DISCUSSION
The case for potential membership of the Cepheid CG Cas in the sparse open cluster Berkeley 58 has been studied using photometric (pe, pg, CCD) observations, spectroscopy (VR, spectral types), star counts, and O-C data for the Cepheid. The cluster Berkeley 58 is particularly difficult to separate from the young stars of the Perseus spiral arm, which raises concerns about future studies of distant open cluster calibrators for the Cepheid PL relation. Careful analysis of the available data leads to a cluster reddening of EB−V (B0) = 0.70, a distance of 3.03 ± 0.17 kpc, and an age of 10 ± 1 × 10 7 years. CG Cas is a likely member on the basis of radial velocity, location outside the cluster nucleus within the cluster coronal region, evolutionary status indicated by its period changes and light amplitude, and implied luminosity. It becomes an important Cepheid calibrator lying near the centre of the instability strip.
It may seem unusual that many potential Cepheid calibrators lie in cluster coronae rather than cluster nuclear regions (Turner 1985) , but a possible explanation relates to two dynamical lines of evidence. First, massive cluster members lie preferentially in outer regions of clusters (Burki 1978) , possibly because of how proto-cluster interstellar clouds fragment into proto-stars. Second, as indicated by colour-magnitude diagrams for NGC 654 (Stone 1980 ) and other young clusters (Turner 1996b ), cluster nuclear regions tend to be dominated by rapidly rotating stars, possibly the result of merged binary systems, and other close binaries, in which case potential Cepheid progenitors are less likely to evolve to the dimensions typical of pulsating variables because of restrictions on their dimensions engendered by po- tential physical companions. The case of CG Cas in Berkeley 58 appears to be yet another example of the effect. 
APPENDIX

